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Does blood rheology revert to normal after
myocardial infarction?

E Ernst, U Krauth, K L Resch, H F Paulsen

Abstract
After myocardial infarction there is
an acute deterioration of the flow
properties of blood. The present study
was designed to test whether the ab-
normality persists. Blood and plasma
viscosity, red cell aggregation and
deformability, haematocrit, erythrocyte
sedimentation rate, white cell count,
cholesterol, and triglycerides were
measured in 51 patients who had had a
myocardial infarction 5 4 (mean) years
before. Results in patients and controls
were compared and matched pairs with
identical cardiovascular risk factors
were also selected. Blood viscosity and
red cell aggregation were increased and
red cell deformability was decreased in
the 51 patients. The abnormalities were
independent of the interval since in-
farction and persisted for years.
The rheological abnormalities present

after myocardial infarction are at least
partly independent of the acute event
and acute phase reactions. They contri-
bute to the reduced perfusion of the
microcirculation of the heart.
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Blood rheology represents the viscous com-

ponent of the total peripheral resistance.' Its
influence on perfusion in various vascular
beds increases when the vasomotor reserve is
limited.2 The main determinants of blood
viscosity (a crude indicator for the flow
properties of blood) are: haematocrit, plasma
viscosity, red cell aggregation, and red cell
deformability.'

After acute myocardial infarction the blood
becomes more viscous.3 If this is a transient
acute phase reaction its effect on the perfusion
of the heart will not be important; but
persistent rheological abnormalities could
contribute to the hypoperfusion of the myo-
cardium and might be of pathophysiological
importance.45 We tested haemorrheological
variables in patients years after the acute
phase of myocardial infarction.

Patients and methods
PATIENTS
We studied 51 (six women and 45 men)
consecutive patients aged 39-60 (mean (SD),
54.9 (5-0)) admitted to our rehabilitation unit
with confirmed (clinical signs, electrocardio-
gram, enzymes) acute myocardial infarction
from 2 months to 20 years before (mean 5 4)

(table 1). We excluded those aged >60 years,
those with malignancies or acute or chronic
inflammatory diseases, and those taking
medications with effects on rheological
variables. We used the same criteria to select a
control group of 20 patients at the same clinic
without a history of infarction.

METHODS
Venous blood was drawn according to a
standardised protocol and anticoagulated with
12 5 U/ml lithium heparin. Immediately after-
wards the following tests were carried out in
triplicate: (a) blood viscosity at 37°C and
defined shear rates measured by the LS 30
rotational viscometer (Contraves)6; (b) blood
viscosity (as above) at a standardised
haematocrit of 45 %7; (c) haematocrit (micro-
haematocrit centrifuge); (d) plasma viscosity
at 37°C (Coulter-Harkness viscometer)8;
(e) red cell aggregation by a newly developed
technique where the difference of the maxi-
mum reading of blood viscosity at very low
(0 7 s-') shear rate and the value 45 seconds
after maximum is taken as a measure of the
energy needed to disaggregate red cells9;
(t) red cell deformability measured as
blood viscosity at high shear divided by plasma
viscosity (high values indicate low deform-
ability)'0; (g) leucocyte count (TOA cell
counter); (h) total cholesterol (Boehringer
assay); (i) serum triglyceride concentration
(Merck assay); (j) erythrocyte sedimentation
rate in the first hour (Westergren).

STATISTICAL ANALYSIS
We used the Kolmogoroff-Smirnov goodness
of fit test to test all interval scaled data for
normal distribution. Then we 'used three
different statistical approaches: (a) the patient
group was compared with the control group by
the unpaired t test (p significant at <0 05);
(b) the paired t test (p significant at < 0 05) was
applied to 20 pairs of patients and controls who
were matched for cardiovascular risk profiles;
(c) patients were grouped according to the
interval since myocardial infarction (group A
<2 years, group B 2-5, group C >5). For
analysis ofvariance we used the Kruskal-Wallis
test (software package SPSS/PC+ 3 0) (p
values of < 0 05 were regarded as significant).

Results
Comparison of matched pairs showed that
standardised blood viscosity was significantly
higher in patients at all shear rates. Plasma
viscosity, haematocrit, and leucocyte count
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Table 1 Data on patients and controls

Male
Female
Age (yr):
Mean (SD)
Range

Weight (kg):
Mean (SD)
Range

Concomitant risk factors:
Hypertension
Hyperlipidaemia
Currently smoking
Ex-smokers
Diabetes mellitus

Concomitant treatment:
,B blockers
Calcium antagonists
Diuretics
Nitrates
Aspirin
Fibrates
Uricosurics
ACE inhibitors
Digitalis

Patients Controls
(n (%)) (n (G))

45 17
6 3

54-9 (5 0) 54-3 (6 0)
(39-60) (38-60)

781 (93) 783(106)
(61 5-105) (62-109)

23 (45) 15 (75)
33 (65) 6 (30)
4 (8) 5 (25)

37 (73) 11 (55)
14 (27) 5 (25)

18 (35) 3 (15)
20(39) 6 (30)
12(24) 1 (5)
31 (61) 0 (0)
21 (41) 0 (0)
10 (2) 2 (10)
9 (18) 1 (5)
2 (4) 1 (5)
7 (14) 0 (0)

ACE, angiotensin converting enzyme.

were almost identical in matched pairs of
patients and controls but red cell aggregation
and erythrocyte sedimentation rate were nearly
twice as high in patients. Red cell deformability
was significantly reduced and blood lipid con-

centrations were similar in the two groups
(table 2).
A comparison of the patient and control

groups showed that the triglyceride concentra-
tion, erythrocyte sedimentation rate, and blood
viscosity readings were significantly higher in
the patients. All the other results were similar
to those in the matched pairs comparison (table
2). The interval since acute myocardial infarc-

tion had no effect on any of the variables (table
3). Native blood viscosity tended to increase
with time since infarction, while red cell
aggregation and standardised blood viscosity
(at lower shear rates) remained almost un-

changed. Blood viscosity at high shear rates
and red cell deformability tended to fall.
Differences between subgroups were signifi-
cant only when the control group was entered
into the analysis.

Discussion
The plasma concentration of fibrinogen
increases immediately after acute myocardial
infarction." This in turn increases plasma and
blood viscosity" and red cell aggregation. 13

Reduced deformability of red and white cells
has also been reported after the acute event.4 15

We found that almost all these rheological
changes persisted long after an acute myo-

cardial infarction. Analysis of variance clearly
showed that the rheological changes were not
influenced by the interval since the acute event.
Even in the long term there were no significant
alterations in the rheological variables we

studied.
One hypothesis is that the "rheological

deficit" in such patients is not solely the
consequence of the infarction but exists
independently of it. Thus it might influence
perfusion of the myocardium, particularly its
microcirculation: normal blood is fluid when
shear forces are high and viscous when they are

low.' The changes in blood rheological vari-
ables that we detected must amplify this effect.
Furthermore, vasoregulatory functions are

impaired in the ischemic heart'6 so it may not be
possible to increase flow to compensate for

Table 2 Rheological variables in patients and controls

Matched pairs: Groups:
Patients (P) (n= 20) Totalgroup (TG) (n= 51)
v Controls (CO) (n=20) v Controls (CO) (n=20)

Variable Group Mean (SD) p Group Mean (SD) p

BV native at D = 94-5 s-' (mPa-s) P 5 26 (0 54) TG 5 38 (0-55) < 0 05
CO 5-10 (0A44) CO 5-10 (0-44)

BV native at D =24 s-' (mPa s) P 17-62 (3 65) TG 18-73 (3 76)
CO 17 45 (2 67) CO 17-45 (2-67)

BV native at D = 0-7 s-' (mPa s) P 32-34 (7 54) TG 34 57 (8-10) < 0-05
CO 31-48 (5 46) CO 31 48 (5-46)

BV (HCT=45%) at D=945s-'(mPas) P 519 (0-32) < 0-05 TG 518 (0-32) < 001
CO 4-88 (0-41) CO 4-88 (0-41)

BV (HCT=45%) at D=2 4 s-' (mPa-s) P 17 08 (2-17) < 0 05 TG 17-36 (2.05) < 0 01
CO 15-90 (1-83) CO 15-90 (1-83)

BV(HCT=45%)atD=07 s-' (mPa-s) P 31 38 (5 49) < 0.01 TG 31-62 (5 05) < 0.01
CO 28-07 (3-87) CO 28-07 (3 87)

RBC aggregation (units) P 6 10 (2-19) < 0-001 TG 6 79 (2 70) < 0-001
CO 3-88 (1 31) CO 3 88 (1-31)

RBC deformability (units) P 4 24 (0 26) < 0 001 TG 4-18 (0-26) < 0-05
CO 3-93 (0 33) CO 3*93 (0 33)

Haematocrit (%) p 45-4 (3 86) TG 46-1 (3-49)
CO 46-8 (3 09) CO 46-8 (3 09)

ESR(mm/lh) P 865(10-16) TG 792(755) < 001
CO 4 55 (3-66) CO 4-55 (3 66)

PV (mPa-s) p 1-23 (0-06) TG 1-24 (0 06)
CO 1-25 (0 06) CO 1-24 (0 06)

Leucocytes ( x 10'/l) p 6-20 (1-59) TG 7 00 (2 27)
CO 6-78 (2 10) CO 6-78 (2-10)

Cholesterol (mmol/l) P 6 10 (109) TG 6-28 (109)
CO 6-08 (1-16) CO 6-08 (1-16)

Triglycerides (mmol/l) p 1-89 (1-56) TG 2-21 (1-89) < 0-05
CO 1-64 (0-66) CO 1-64 (0-66)

BV, blood viscosity; D, shear rate; HCT, haematocrit; PV, plasma viscosity; ESR, erythrocyte sedimentation rate; RBC, red
blood cells.
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Table 3 Rheology in relation to time after myocardial infarction

Variable Group n Mean (SD) p1 p2

BV native at D = 94 5 s-' (mPa s) 0-1 yr 10 5 31 (0 45) 1 1
2-5 yr 19 5 42 (0 47) 0 870 L 0093
> 5yr 22 5 37 (066) J { (p . 01)
Controls 20 5-10 (0 44)

BV native at D = 2 4 s-' (mPa s) 0-1 yr 10 18-0 (2 5) 1 1
2-5 yr 19 18-7(34) 0 801 l 0395
> 5 yr 22 19-1 (4-5) J F
Controls 20 17 5 (27) J

BV native at D = 0 7 s-' (mPa s) 0-1 yr 10 32-1 (6-0) 1 1
2-5 yr 19 34-8 (7 4) .0-580 l 0296
> 5yr 22 355(95) J F
Controls 20 31 5 (5 5) J

BV (HCT =45%) at D =94-5 s-' (mPa s) 0-1 yr 10 5-26 (0-32) 1 1
2-5 yr 19 5 27 (0-31) 0-084 0-002
> 5yr 22 5 08(0 30) J (p < 01) (p < 001)
Controls 20 4-88 (0 41)

BV (HCT=45%) at D=2 4 s-' (mPa s) 0-1 yr 10 17 6 (15) 1 1
2-5 yr 19 17 7 (2 4) 0 387 0 031
> 5yr 22 16-9(19) J (p < 005)
Controls 20 15 9 (1-8)

BV (HCT=45%) at D=0 7 s-' (mPa s) 0-1 yr 10 31 3 (4 2) 1 1
2-5 yr 19 32 6 (6-0) 0-663 0-050
> 5 yr 22 30 9 (4 5) J (p < 0 005)
Controls 20 281 (3 9)

RBC aggregation (units) 0-1 yr 10 6-78 (280) 1 1
2-5 yr 19 6 87 (2 62) 0-863 0 000
> 5 yr 22 6 72 (2 85) J (p < 0 001)
Controls 20 3 88 (1-31)

RBC deformability (units) 0-1 yr 10 4 20 (029) 1
2-5 yr 19 4 26 (0 22) 0 123 0 002
> 5 yr 22 4 10 (0 26) J (p < 001)
Controls 20 3*93 (0 33)

p1 =probability (Kruskal-Wallis ANOVA) that the means of three subgroups of patients with history of acute myocardial
infarction (AMI dating back < 2 years, 2-5 years, > 5 years at time of measurements) do not differ from each other.
p2 = probability (Kruskal-Wallis ANOVA) that the means of all four subgroups (controls, AMI dating back < 2 years, 2-5 years,
> 5 years at time of measurements) do not differ from each other.
See footnote to table 2 for abbreviations.

(local) hyperviscosity. This means that the flow
properties of blood could be a significant
determinant of blood flow in hypoperfused
areas of the heart.

Evidence from other studies supports the
above hypothesis. A rheological deficit similar
to the one we found after acute myocardial
infarction, was found in patients with coronary
artery disease.'7 This deficit is related to the
extent of the coronary atherosclerosis.'8 There
are several reports of patients in whom angina
was followed by infarction and the rheological
abnormality was detected before the infarction
took place.'9 The presence of rheological
changes before and long after myocardial
infarction implies that the abnormality cannot
be solely the result of tissue necrosis and acute
phase reactions.

Cardiovascular risk factors too are associated
with discrete but significant rheological
changes (for review see 20). But they are unlikely
to have contributed to the present results,
because the results of the matched pairs study
were the same as in the group analysis. Our data
showed that the abnormality of blood rheology
in patients with a history of myocardial infarc-
tion was independent of the acute event. The
findings suggest that rheological mechanisms
contribute to hypoperfusion in coronary artery
disease.
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